Introduction
Non-convulsive status epilepticus (NCSE) is defined as a change in the mental state from baseline for at least 30-60 min duration associated with continuous or near continuous epileptiform discharges on electroencephalogram (EEG).
1,2 NCSE has been increasingly diagnosed given the higher index of suspicion and recent advances in long-term EEG monitoring among patients with impaired level of consciousness. It has been estimated that NCSE constitutes 20-25% of all cases of status epilepticus. 3 One recent report indicated that the prevalence was approximately 8% in all their comatose patients without overt clinical signs of seizures. 4 DeLorenzo et al. reported that NCSE persisted in 14% of patients after generalized convulsive status epilepticus (GCSE) was controlled. 5 However, NCSE is still under-diagnosed in the elderly and critically ill patients presented with confusion given the concomitant acute medical co-morbidities and complications. 6, 7 It is important to recognize NCSE early to prevent potential further neuronal damage. Shneker and Fountain found that NCSE was associated with high mortality (18%) and high morbidity (39%). 8 Our study aims to assess the incidence of NCSE among patients with various degrees of impaired level of consciousness referred to the Neurophysiology Laboratory at Vancouver General Hospital. This Laboratory performs more than 2500 inpatient and outpatient EEGs annually.
Method
We conducted a retrospective analysis of the incidence of NCSE at Vancouver General Hospital, University of British Columbia, between 2002 and 2004. All patients were over 16 years of age and were referred to the laboratory with a question of NCSE, and had unexplained decreased level of consciousness or altered mental state. Most patients were located in the medical or neurological Background: Non-convulsive status epilepticus (NCSE) has been increasingly recognized as a cause of impaired level of consciousness in the ICU and emergency rooms. The diagnosis can be easily missed without an electroencephalogram (EEG) given the paucity of overt clinical signs in this condition. Recently few published data estimated the prevalence to be between 3% and 8%. (Table 1) .
Non-convulsive status epilepticus could be divided into absence status epilepticus (ASE), which is considered to be a primary generalized epilepsy, and complex partial status epilepticus (CPSE), which is classified under partial epilepsies. Both ASE and CPSE are characterized by a clinical behavior and a change in the level of consciousness. 9 Although there is no universally accepted definition for NCSE, we adopted the working definition of Young et al. for electrographic status epilepticus, which was proposed in 1996. 10 In order to qualify for NCSE, the EEG-recorded ictal episodes had to be continuous or recurrent for >30 min without improvement in clinical state or EEG return to a pre-ictal pattern between seizures. Young introduced three primary and four secondary criteria for NCSE in his working definition (Table 1) . Furthermore, the EEGrecorded ictal episode had to include at least one primary and one or more secondary criteria with epileptiform discharges lasting more than 10 min. The EEG recordings, which met the above criteria, were reviewed by two electroencephalographers to confirm the diagnosis. Figs. 1 and 2 are examples of the EEG patterns we included in our study. We elected to exclude any EEG patterns that were not specific to NCSE such as triphasic waves, PLEDs, or generalized periodic epileptiform discharges (GPED) since they are not generally accepted as definitely epileptic patterns. Many authors have argued that such non-specific EEG patterns could represent a form of NCSE. Benbadis and Tatum indicated that clinical practice does not support this view, as the vast majority of anoxic encephalopathies with NCSE do not respond to treatment. 11 There are still limitations in addressing such non-specific patterns especially when they respond to treatment and many authors argue that response to medications is not a definite indication of an epileptic cause. 12, 13 According to the etiology of the current illness, our patients with NCSE were divided into acute symptomatic, idiopathic and cryptogenic. Acute symptomatic group included patients who had an acute medical or neurological condition such as ischemic or hemorrhagic stroke, head trauma, brain tumor, encephalitis or hypoxic-anoxic brain injury regardless of history of pre-existing epilepsy. The idiopathic group included patients who had idiopathic epilepsy and were found to have NCSE without any acute medical or neurological cause. The cryptogenic group included patients who had neither a diagnosis of idiopathic epilepsy nor any identified medical or neurological cause.
Results
Hospital charts of 451 patients who were referred with the question of NCSE with impaired or altered level of consciousness between 2002 and 2004 were reviewed. Of those, 42 patients met the criteria of NCSE (9.3%). The median age for the cohort was 61.8 years (range 21-94). Males represented 59.5% (n = 25) of the patients. The annual incidence of NCSE differs across the study years. Table 2 provides the calculated incidence rates in the three consecutive years of this study.
Patients with acute symptomatic etiology constituted the majority of patients with NCSE. 38.1% of the patients had hypoxic-anoxic injuries, 19% had intracerebral hemorrhage (including trauma), 7.1% had ischemic stroke, 4.8% were secondary to tumors and 4.8% were due to viral encephalitis. Other medical or neurological causes included multiple sclerosis, complication of liver transplant, sepsis and dural AV fistula. However, 11.9% had the diagnosis of idiopathic or cryptogenic epilepsy (Table 3) . Of 42 patients with NCSE, 24 (57.1%) had focal electrographic seizures with clear lateralization to either hemisphere. The epileptiform activity or focal EEG changes appeared to be frontal in 13 patients, temporal in 9 and undetermined in 2. The rest of the NCSE cohort had mainly bilateral synchronous discharges. The majority of bilateral synchronous discharges were observed in patients with hypoxic-anoxic injury (Table 3) .
Discussion
NCSE is a state of continuous or intermittent electrographic seizure activity without a return to a baseline lasting more than 30 min. The hallmark of NCSE is a change in behavior or mental state that is associated with diagnostic EEG changes. The lack of clinically major motor component establishes the difference between NCSE and convulsive status epilepticus (CSE). However, minor abnormal motor components such as facial twitching, nystagmus and tonic eye movements may be present and are consistent with the criteria for NCSE. The onset can be sudden or gradual. 9 Unresponsiveness, once thought to be a distinctive feature of CPSE, 14 has been described in ASE. [15] [16] [17] The definition of NCSE faced major controversy when attributed to cyclic patterns due to structural changes. Encephalopathies which are associated with PLEDs or GPED are obvious examples. These nonspecific patterns are considered inter-ictal by several authors 12, 18, 19 and hence are excluded in our study. However, separating a seizure state from an encephalopathic state can be difficult if the seizure activity were continuous and not of a transient nature. 20 Kaplan pointed to another complicating matter in defining NCSE in ICU patients who were in coma in which the electrographic status epilepticus was an incidental finding in a setting of other medical and metabolic causes. He supported the idea that in these patients, outcomes are largely determined by the underlying and often severe neurologic insult, rather than by the epiphenomenon of electrographic seizure activity in a severely damaged brain. 21 We used Young's criteria of NCSE in our study because of the simplicity in applying the primary and secondary criteria to the EEG patterns and the specificity of those patterns to ictal episodes. A diagnostic dilemma arises in one of the secondary criterion, which is the significant improvement in clinical state or baseline EEG after the use of anti-epileptic drug (AED). This specially applies to patients with hypoxic-anoxic encephalopathy where the ictal discharges are often resistant to any AEDs. We elected using the other primary and secondary criteria to support the NCSE definition in those cases.
The incidence of NCSE is clearly under-estimated and is often based on how strong the clinical suspicion is, the availability of continuous EEG monitoring and the involvement of neurologists and epileptologists in the diagnosis and management of such condition. Towne et al., in a prospective study of 236 comatose patients without clinical evidence of seizures, reported that 8% met criteria for NCSE on EEG. 4 In a prospective study of 198 patients with altered consciousness but no clinical convulsions who were referred for emergency EEG, Privitera and Strawsburg reported that 37% showed EEG and clinical evidence of NCSE.
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Our study is designed to assess the incidence of NCSE in a selected group of patients who were referred with a clinical suspicion of NCSE. This should not be confused with the true incidence of NCSE in patients with altered mental status or coma. To answer the latter question we needed to investigate all patients diagnosed with similar conditions. Here the results are biased by the clinicians' level of suspicion and as such the incidence differed between the study years.
Since continuous EEG recording and ictal EEG are essential for a correct diagnosis, a hospital-based study is probably the closest approximation of a population-based study of incidence and prevalence of NCSE. Our data indicates that the rate of occurrence of NCSE is approximately 9.3% in patients with impaired level of consciousness in our general hospital. This figure is highly specific for those who were referred to our laboratory with a question of NCSE or other causes of decreased level of consciousness of variable degrees, hence the figure cannot be generalized to a larger population.
The number of cases with the question of NCSE differed from 2002 to 2004. Although the term ''treatable'' is debatable in many cases of NCSE, we along others still support the notion that early recognition and treatment of NCSE may potentially result in reduction of neurological complications/morbidity and mortality. 7, 23 DeLorenzo et al. concluded that CEEG monitoring immediately after control of GCSE is essential to identify the presence of NCSE and to guide the management plans of status epilepticus. 5 With respect to etiology, we found that hypoxic-anoxic brain injury was the most prevalent cause of NCSE in our cohort, followed by ischemic and hemorrhagic stroke. We included the head trauma in the intracerebral hemorrhage category since the majority of patients with traumatic brain injury patients suffered SAH, SDH or ICH. The controversy exists around the inclusion of NCSE cases secondary to hypoxic-anoxic injury. Although some authors avoid this group in their case analyses, others have included them in their studies despite the poor prognosis of these patients. 15, 24 We also included those with clear ictal EEG pattern consistent with the definition criteria of NCSE. Complex partial (focal) NCSE was identified in 57% of our cohort indicating the higher incidence of isolated hemispheric insults especially in the setting of ischemic and hemorrhagic strokes. We included patients in this category only if the EEG disclosed a lateralized and localized pattern. In one of our patients, electrographic seizure activity had evolved from a focal to bilateral and then generalized pattern without clinical convulsions in the setting of viral encephalitis. Other investigators had observed generalized discharges in the majority (59%) of patients with NCSE in the initial recording. 25 Continuous seizure activity may lead to raised intracranial pressure, increased metabolic demand, and potentially cause neuronal damage particularly if it is associated with an acute medical illness. 23, 26 Thus, prompt recognition and treatment are crucial and should not be delayed to prevent further neurological complications. Several authors indicated that delays are associated with worse outcome and poorer response to the same treatment. 10, 27, 28, 29 Although few authors reported possible worse outcome in those who were aggressively treated, the others suggested otherwise. 23 
Conclusion
The rate of occurrence of NCSE in our study population was 9.3% over the 3 years period. Hypoxic-anoxic brain injury was the most common cause of NCSE.
Further studies are needed to evaluate the role of CEEG in early diagnosis of NCSE, and how this would affect the overall patients' prognosis in different situations.
